Summary Intraspecific euploid cytotypes (2n=18, 36) were found in the wild plants of Brachyactis pubescens in North West Himalayas from the hills of Ladakh division of Jammu and Kashmir and Solang Valley, Kullu district, Himachal Pradesh. The plants with each ploidy level showed regular bivalent formation, equal segregation of chromosomes during anaphases and normal sporads. The 2x plants were found growing at higher elevations in the Kashmir Himalayas and adjoining hills of Afghanistan while the 4x plants grow at lower elevations in the Solang Valley, Himachal Pradesh. The 4x and 2x plants could be differentiated in various morphometric parameters. The 4x plants were noticed to be robust and much taller and show gigantism in leaf and floral characters besides depicting the increase in the size of trichomes, stomata and pollen grains. Analysis of meiotic chromosome pairing in the tetraploid taxa indicates towards its allopolyploid nature.
Brachyactis Ledeb. (Family:Asteraceae) with only six species distributed in Asia and North America, is represented by three species in India. B. pubescens, which grows as an annual, erect and branched herb, is widely distributed between 1200-4200 m in the northwestern Himalayas in the states of Jammu and Kashmir, Himachal Pradesh and Uttrakhand. Two ploidy levels, 2x (2n=18) and 4x (2n=36) have been detected in the species in the current study. The aim of the study was to work out the chromosome number, detailed meiotic behavior, microsporogenesis and pollen fertility in the plants of 2x and 4x cytotypes and compare the 2x and 4x individuals using different macro-and microscopic characters.
Materials and methods

Sampling and collection of plant materials
Natural populations of B. pubescens were collected from the high altitudinal hills of Pandrass (3100 m, PUN 60741), Drass (3200 m, PUN 61932) and Panikher (3200 m, PUN 61933) in Ladakh division, Jammu and Kashmir and Schnag (2450 m, PUN 58983), Solang Village (2750 m, PUN 58981, 58982) in Kullu district, Himachal Pradesh in the months of June-July 2012-2016. For meiotic and pollen grain studies, capitula of suitable sizes collected from four or five wild plants were fixed in a freshly prepared Carnoy s fixative (ethanol, chloroform, and acetic acid in a volume ratio of 6 : 3 : 1) for 24 h. The material was transferred to 70% ethanol and stored in a refrigerator until use.
Cytological studies and pollen grain analysis
Meiocyte preparations were made by squashing the young and developing anthers taken from florets in 1% acetocarmine (Belling 1926) . In each case, 500 meiocytes were observed at different meiotic stages of prophase I, metaphase I/II (M I/II), anaphase I/II (A I/II), telophases I/II and sporads. Pollen fertility was estimated through a stainability test by squashing the mature anthers in glycerol and acetocarmine (1 : 1) mixture (Marks 1954) . Well-filled pollen grains with fully stained cytoplasm and nuclei were scored as apparently fertile, while shriveled and flaccid pollen grains with poorly stained cytoplasm as sterile. Cytologically analyzed accessions were identified by consulting the floras and specimens were authenticated by comparing them with the herbarium sheets already deposited in the Herbaria, Department of Botany, Punjabi University, Patiala and the Botanical Survey of India, Northern Circle, Dehra Dun. The duly examined specimens were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala.
Morphometric analysis
For microscopic parameters like trichomes and stomata, abaxial epidermal peels were obtained from the middle portions of mature leaves through KOH treatment. Thoroughly washed peels were stained in safranin red (0.1%) and mounted in a drop of glycerol. Stomatal index was calculated by using the formula: SI=S/S+E 100. Where SI: stands for Stomatal index, S: for a number of stomata and E: for a number of epidermal cells. Size of trichomes and pollen grains was measured through micrometry. Photomicrographs of chromosome counts, sporads, and pollen grains were taken with a digital imaging system of Leica Qwin Digital system. (Table 1) The diploid (2n=18): The wild accessions collected from the high altitudinal hills of Pandrass, Drass and Panikher in Ladakh division, Jammu and Kashmir were observed to exist at diploid level with a gametic chromosome count of n= 9 as confirmed from the presence of nine bivalents at M I ( Fig. 1a) and 9 : 9 distribution of chromosomes at A I (Fig. 1b) . Further meiotic course in the meiocytes was perfectly regular leading to normal sporads and 100% fertile and equal sized pollen grains (Fig. 1c, d ).
Results
Cytological analysis including pollen fertility
The tetraploid (2n=36): Meiotically analyzed accessions gathered from Schnag and Solang Village in Solang Valley, Kullu district, Himachal Pradesh depicted the tetraploid chromosome count of n=18 as confirmed from the presence of 18 bivalents at M I (Fig. 1e) and 18 : 18 chromosome segregation at M II (Fig. 1f) . Further meiotic course in the plants was perfectly regular leading to normal sporads (Fig. 1g) and uniform sized 100% fertile pollen grains (Fig. 1h) .
Distribution and morphometric analysis
Present study showed that the individuals of 2x and 4x cytotypes were distributed in the phytogeographically different localities at varying elevations. The 2x individuals harbor harsh climatic conditions in the cold desert regions of Ladakh division above 3000 m elevations. Whereas the 4x plants were recorded from localities relatively lower elevations between 2450 to 2750 m in isolated places of Solang Valley. Results of our study demonstrated that plants of two ploidy levels examined here differ significantly in various morphometric parameters (Table 2, Fig. 2 ). Tetraploids grow taller and possessed large sized leaves compared to the 2x. The tetraploid plants also showed increased cell size as reflected in trichomes, stomata and pollen grains which are significantly large compared to the diploid (Fig. 2) . However, the diploid plants showed higher trichome density compared to the tetraploids. 
Discussion
The diploid chromosome count of 2n=18 was reported in B. pubescens by Mehra and Remanandan (1969) and Podlech and Dieterle (1969) from Kashmir Himalayas in India and the hills of Afghanistan, respectively. Investigations from the phytogeographically isolated areas of Solang Valley and cold desert regions of Ladakh division in Northwest Himalayas showed the existence of intraspecific euploid cytotypes (2x, 4x). The study also revealed that the 2x plants are confined to the Kashmir Himalayas and hills of Afghanistan while 4x plants are reported from ecologically disturbed habitats of Solang Valley. In plants, it is estimated that polyploidy occurs in 50-70% of angiosperms (Masterson 1994) . Some of the families of flowering plants where polyploidy has played a significant role in evolution are Asteraceae, Poaceae, and Rosaceae.
New polyploids may arise either due to autopolyploidization or allopolyploidization. Consequences of both types of polyploidization have important and significant evolutionary and ecological implications (Soltis et al. 2014) . On the basis of chromosome pairing, allopolyploids behaved like diploids and have generally been considered to be much more common than autopolyploids, mainly due to their adoptive superiority involving perfect chromosome pairing, segregation, and gametic fertility. In B. pubescens, the tetraploids showed typical allopolyploid meiotic behavior with normal chromosome pairing leading to perfect 18 bivalents, regular segregation, normal sporads and high pollen fertility. Presence of only bivalents in the tetraploid indicates towards its allotetraploid behavior. However, presence of only bivalents in a polyploid must not be confirmation of its allopolyploid nature. There are many examples of natural/artificially produced autotetraploids which have the very low frequency of multivalent formation (Morrison and Rajathy 1960, Gottschalk 1978) . Several factors such as preferential pairing (Watanabe 1983) , chromosome size (Santos et al. 2003) , chromosome morphology (Feldman 1966) , limitation of chiasmata formation (Timmis and Rees 1971) , and specific genes Ph1 gene in wheat (Vega and Feldman 1998) are reported for sup- pressing multivalent formation in polyploids. So, it could be tentatively considered as allopolyploid on meiotic analysis, till confirmation through genomic analysis. Till date, there are numerous examples of intraspecific euploids where polyploids show high genetic variability, increased heterozygosity and increased allelic variability compared to the diploids and show a wide range of adaptability to various biotic and abiotic stresses, contributing towards their evolutionary success and diversification (Liu et al. 2011) . Overall, the results of the study on the basis of comparison of traits between diploids and polyploids of B. pubescens indicate that polyploidy drastically affects the morphological characters, plant height, and habit as well as flower color as reported in the present case. Such an effect of polyploidy on morphological characters is well known. However, there are only a few cases where a polyploidy also played a role in changing the flower color (De Schepper et al. 2001 , Anssour et al. 2009 , McCarthy et al. 2015 In the current study, we also found that diploid individuals were found at the lower elevation as compared to tetraploid individuals. Martin and Husband (2013) have also reported in Chamerion angustifolium that the polyploids harbor low altitudinal regions while the diploid grows at higher elevations.
And by looking at these traits, polyploids in B. pubescens could be easily distinguished in the forests from the diploids. Similar type of analysis of morphological parameters which could be employed for the identification of polyploids in nature have been reported in Terminalia chebula (Gill et al. 1982) , Syzygium cumini (Gill and Singhal 1990) , Ranunculus hirtellus (Kumar and Singhal 2011) , Agrimonia eupatoria (Kumar et al. 2014a) , Silene vulgaris (Kumar et al. 2014b) , Inula grandiflora (Himshikha et al.2017) and Physochlaina praealta .
